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@ Process for making controlled uniform-sized polymer particles. 

(Sf) Uniformly sized polymer particles of 1 to 
SOpm diameter are made by gradually combin- 
ing water-insoiut>ie monomer or monomer mixt- 
ure with an aqueous dispersion of seed polymer 
particles in the presence of a dispersion stabi- 
lizer, an oil-soluble, free-radtcal polymerization 
initiator, and, optionally, a poiogen. 
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PROCESS FOR MAKING CONTROLLED, UNIFORM-SIZED POLYMER PARTICLES 



The present Invention is concerned wHh a polym- 
erization process, and more particularly to a process 
for polymerizing water-Insoluble monomers In the pre- 
sence of pre-fomied, uniformly sized polymer parti- 
cies. 

Small polymer particles, in the range of 1 to 50 
micrometers (nm), have many applications, including 
light scattering and diffusion, surface coating, inter- 
mediates for preparation of chmrr^tographic solid 
phases, adsorbents, Ion-exchange materials, and the 
like. For many such applications, partlculariy optical 
and chromatographic applications, uniformity of the 
particle size is critical to perfomiance. Emulsion 
polymerization can produce particles up to about 0.5 
to 1.0 having a relatively narrow size distributjon, 
but the size is limited by the nature of an emulsion. In 
such a polymerization the monomers are emulsrfied in 
water using a soap, and the polymerization is initiated 
by a water-soluble, free-radical initiator. The particle 
size depends more on the composition of the polynv 
erization mbcture, Le„ the soap, the stabilizers used 
and the monomers themselves, than on the spedfic 
physical conditions of the polymerization. 

Suspension polymerization can produce particles 
from about 50 pm to about 2. mm. The monomer is 
suspended as droplets In water, and polymerization is 
initiated by an oil-soluble initiator which partitions into 
the monomer droplets. Particle size depends on the 
size of the monomer droplets, which Is affected prinv 
arily by the stim'ng rate, the amount of suspension 
stabilizers, and similar physical conditions for the 
polymerization. As a result of the inherent variability 
of these conditions, particle size distritxjtion tends to 
be broad. Smaller particles, e.g. as small as 10 ^m, 
have been reportedly produced by high-shear sus- 
pension polymerization, but the size disblbution is 
even broader. 

Grinding of polymers that have been made by 
other processes which produce larger sized polynv 
ers, such as bulk polymerization, can lead to partides 
in the desired size range. Unfortunately, grinding not 
only results In large size distribution, but causes ther- 
mal degradation of heat-sensitive polymers. Thus 
direct production of particles larger tfian 1 ^m but 
smaller than 50 pixn is difficult 

Multiple-step processes have been used to pro- 
duce particles within the range of 1 to 50 ^m. In these 
processes a pre-formed emulsion polymer, or "seed*, 
is used as a starting material. The polymer is swollen, 
either in an organic solvent or In a monomer which 
behaves as a swelling solvent for the polymer, and 
monomer is imbibed into the swollen structure of the 
polymer and polymerized there, thus Increasing the 
size of, or "growing", the partide. This swelling, imbib- 
ing and polymerizing process may be repeated to 



10 



20 



25 



30 



35 



40 



45 



50 



55 



further increase the size of the particle. Because the 
emulsion polymerization that fomns the seed inhe- 
rently produces a relatively narrow size distribution, 
the multiple-step processes have the potential for pro- 
dudng larger particles with similariy nanrow size dis- 
tributions. Not all multiple-step processes live up to 
this potential, and the swelling and imbibing steps are 
Inherently slow; the reactions may take days. In addi- 
tion, those processes which involve swelling solvents 
introduce the economic and environmental problems 
of solvent recovery and disposal Special low-shear 
agitation or highly dilute dispersions may also be 
required to prevent the particles from coalescing dur- 
ing growth. 

The present invention enables a rapid, soiveni- 
free process to be provided by which polymer parti- 
des In the size range of 1 to 50 ^lm an d having a 
narrow size distribution m ay be made. 

According to the present invention there is pro- 
vided a process for making uniformly sized polymer 
particles having a selected final partide size within the 
range of 1 to 50 ^m. whteh comprises the steps of 

a) combining a free-radical-polvmerizable. wat^r- 
insoluble monomer or mixture of such monomers 
with an aqueous dispersion o f seed polymer pa r- 
tirffis- at a rate such that an amount of monomer 
or mbcture of monomers equal to the total initial 
weight of the seed polymer partides is combined 
with the disperston over a period of from about 45 
to about 120 minutes, in the presence of a disper- 
sion stabilizer, an oil-soluble, firee-radical polym- 
erization Initiator and, opttonally, a porogen, at a 
temperature at least as high as that at which the 
initiator is activated, until sufficient monon^er or 
mbcture of monomers has been combined to grow 
the partides to a selected size, and 

b) maintaining the temperature of the combined 
monomer and partides at least as high as that at 
which the initiator is acth/ated until all the mono- 
mer is polymerized, 

these steps, optionally, being repeated 
until the selected size is equal to the selected final 
partide size. 

The porogen may, for example, be used in an 
amount of firom about 0 to at>out 50%, the percentage 
being based upon the weight of the monomer(5} plus 
porogen. 

In the process of the present invention the emul- 
sion-polymerized partides act as seed parttoles; 
these are swollen by the monomer, which is 
polymerized to become part of the seed partides and 
permanently increase their size. Because the seed 
particles have a uniform size, and the conditions 
affecting uptake of monomer by the partides are rela - 
tiyely uniform throughout the reaction mbcture, the 
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size of the product particles depends primarily upon 
the anriount of monomer combined with the seed par- 
tide dispersion. The stabilizing agent inhibits coalesc- 
ence of partides in the dispersion, thus helping 
preserve particle-size unlfonnlty. The use of an oil- 5 
soluble fwater-insoiuble) initiator h el ps inhibit for - 
mation of new emulsi on partides and promotes the 
Q'Pw^^PL^.c^ seed particles, because it partitions Into 
the monomer-polymer phase found in the particles 
and thus tends to be unavailable to monomer in the 10 
aqueous phase. 

Yet another important factor in avoiding new 
emulsion partides, and in preventing agglomeration 
of existing partides, is the rate at which monomer is 
combined with the partides. In a preferred embodi- 15 
ment of the invention, wherein monomer is fed to the 
dispersion of partides, the feed rate is such that at 
least 45 minutes is required to add a weight of mono- 
mer equal to the initial weight of the seed partides, 
and preferably such that the free monomer in the dis- 20 
pension is no more than about 10% of the partide 
weight at any time during the process. 

The emulsion-polymer seed partides useful in 
the process of the present invention may be prepared 
by QnudSlPJL_pjolymerization processes known to 25 
those skOled in the art Such processes inherently pro- 
'duce particles of relatively nanrow partide-size dis- 
tribution; one skilled In the art will understand how to 
vary the emulsion polymerization conditions to pro- 
duce particles having a mean partide diameter within 30 
the range of about 0.01 to about 2 um . Seed partides 
within this size range, and more preferably in the 
range of about 0.05 to about 0.5 ^m, may be used in 
the present process The seed partides may b e 
crosslinked or uncrosslinked . The monomers from 35 
which they may be prepared indude vinyl aliphatic 
monomers such as esters of acrylic and methacryiic 
acids, acryionitrile and the like, oleflns such as 
ethylene and propylene, and aliphatic monomers with 
conjugated unsaturation such as butadiene. They ^40 
may also be prepared from vinylaromatic monomers 
such as styrene, substituted styrenes and the like. 
The seed particles may be crosslinked by the for- 
mation of secondary crosslinks within the polymer 
structure, by the incluston of a polyethyienically 4S 
unsaturated monomer or monomers among the 
monomers from which the seed partides are formed, 
orby any other crosslinking processes known to those 
skilled in the art Preferred seed partides are crosslin- 
ked copolymers of styrene with divinylbenzene. so 

Til S^^P ending age nt for the process of the pre- 
sentlnvention is water. The stabilizing agents use ul 
for the process are preferably anksnic surfactants, for 
example alkyi, aryl or alkaryl sulfates, sulfonates, 
phosphates or succinates, and their ethoxylated dert- 55 
vatives, nonionic surfactants, for example 
polyoxy ethylene alkyI ethers, polyoxyethylene alkyI 
phenol ethers, or polyethylene glycols, or mixtures of 
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anionic and nonionic surfactants. Water-soluble 
polymers such as polyvinyl alcohol, polyvinyl pyrrol h 
done, carboxyalkyl celluloses and hydroxyalkyi cellul* 
OSes may also be incorporated Into the polymerization 
mixture for additional stabilization of the latex parti- 
cles. 

The |n|^|gtQr useful for the process of the present 
Invention Is an oll-soluble. free-radical initiator, and 
preferably has a one-hour half-life temperature of 60*' 
to 1 0O^C. The one-hour half-life temperature is readily 
understood by those skilled in the art as that tempera- 
ture at which one half of the initiator present at any 
given time will have decomposed, fonming free radi- 
cals, within one hour. The preferred initiators a re 
peroxides such as t-bu tvl peroctoate and benzoyl 
peroxide, and azo initiators such as 2.2'-azobis(2- 
melhyibutane nitrile) and 2,2'-azobis(2.4-dim6thyi- 
pentane nitrile). The preferred initiator concentration 
is from about 0.5% to about 2% by weight of the total 
monomer. The temperature of the polymerization is at 
least the activation temperature of the initiator selec- 
ted, and is preferably from about 50** to about gCC. 
The activation temperature of the initiator Is readily 
understood by one skilled In the a t to be the lowest 
temperature at which the initiator begins to decom- 
pose and generate a significant concentration of free 
radicals. The prefen-ed reaction pressure Is atmos- 
pheric but the reaction will proceed at pressures 
above and below atmospheric where some other 
advantage justifies the additionally complex equip- 
ment that non-atmospheric polymerization requires. 

The monomers useful in the present invention are 
any water-Insoluble, free-radical-polymerizable 
monomers or mixtures of such monomers. Prefenred 
are vinylaromatic m onomers and particularly prefer- 
red is styrene. T he monomer or mbcture of monomers 
may indude crosslinking monomers, that is, mononv 
ers containing more than one polymerizable func- 
tional group, for exanriple divinylbenzene, and 
graftiinking monomers, that is, those monomers con- 
taining more than one polymerizable functional group 
in which the polymerizable functional groups 
polymerize at significantly different rates, for example 
ally! methacrylate. 

The polymer partides of the present Invention 
may be made in either a microporou s or a macropor- 
ous form. The microporous partides, often referred to 
as "gel* partides, contain only the in tenmol ecu lar por- 
osity of the polymer Itself, with pore diameters In the 
range of from about 0.1 to about 5 nm , while the mac- 
roporous particles contain an additional porosity 
which Is Independent of the Intermolecular porosity, 
with pore diameters beginning at about 5 nm and 
ranging upwards to as large as about 10 In large 
polymer particles, and proportionally smaller in smal- 
ler partides, e.g.. partides of 10 nm may have pores 
with diameters as large as about 1 \vm. When a poro- 
gen is absent from the monomer or mixture of mono- 
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mers added to the seed particles, the resulting 
polymer particles will be merely mlcroporous, but 
when a porogen is included, the particles will be mac- 
roporous. Polymerization In the presence of a poro- 
gen to produce macroporous polymers is. for 
example, descn*bed ig U.S. - A « 4,382.124; the poro- 
gens are refen*ed to therein as "polymer precipltants** 
or merely 'precipitants". The porogen is characterized 
by being a solvent for the monomer mixture being 
copolymerized while exerting essentially no solvent 
action on the copolymer. Introduction of the porogen 
to the n>onomor phase decreases the solubility in the 
monomer phase of any copolymer formed, causing 
the polymer to separate from the monomer phase as 
it Is formed, a phenomenon known as "phase sepa- 
ration". As the concentration of monomer in the 
polymerizing mass decreases because of polymeri- 
zation, and as the concentration of resulting 
copolymer increases, the porogen Is more strongly 
repelled by the copolymer mass and Is actually 
squeezed out of the copolymer phase leaving a series 
of interconnecting pores that are large relative to the 
intermolecular micropores. Suitable porogens for use 
in the process of the present invention Include: C4 to 
Cioalkanols such as butanol, and linear and branched 
pentanols, hexanols, heptanols, octands, nonanols 
and decanols, for example 4-methylpentan-2-ol 
(methyl isobutyl carbinoQ; Cj to C20 saturated alipha- 
tic hydrocarbons; alkyl esters of seven or more carbon 
atoms, such as n-hexyl acetate, 2-ethylhexyl acetate, 
methyl oleate, dibutyl sebacate, dibutyl adipate and 
dlbutyl carbonate; aliphatic ketones such as methyl- 
isobutyl ketone, diisobutylketone; and aromatic hyd- 
rocart)ons such as toluene and ortho and para 
xylenes. The specific kind and percentage of porogen 
in the monomer mbcture is selected according to the 
degree of macroporosity desired and the particular 
monomers. US. - A - 4,382,124, mentioned above, 
may serve as a guide to this selection. 

The size to which the polymer particles are grown 
according to the present Invention is determined by 
the amount of monomer or monomer mbcture used. In 
general, monomer may be combined with the poly mer 
padidfls until they hsve grown to atxyut 10 times their 
initial volume, and more preferably about 7 times their 
original volume, although it is clear that using less 
monomer wlH result In a smaller product, and the des- 
ired particle size may be selected by one skilled in the 
art to be suitable for the particular use contemplated 
for the final particle. The selected particle size is pref- 
erably within the range of from about 1.1 to alwut 10 
times the initial particle volume, more preferably from 
about 1.5 to about 10 times the initial particle volume, 
and still more preferably from about 2 to about 5 times 
the initial partlde volume. It is clear from simple 
geometry that a change In volume produces a diame- 
ter change that Is the cube root of the volume change. 
I.e., a 5X volume change is a ^Vs X diameter change. 



or a 1.71 X diameter change. 

The above discussion of the size to which the par- 
ticles may be grown refers to a single applfcatkan of 
the present process. Particles much larger than the 

5 10-fold volume increase may be obtained by repeat- 
ing this process using as seed particles the product 
partides from this process. By such repetition, parti- 
cles may be grown that are significantly larger than 
those obtainable from a single growth step. Seed par- 

10 tides in the prefen-ed diameter range of about 0.05 to 
about 0.5 nm may thus be grown to any diameter 
within the range of 1 to 50 jun by from one to ten or 
more repetitfons of this process. 

In combining the monomer and the suspension of 

15 seed polymer particles, it is clear that the monomer 
may be added to the suspension, the suspension may 
be added to the monomer, or both may be added sln> 
uitaneousiy to one another in a separate vessel. Addi- 
tion of the monomer to the suspension Is preferred, 

20 and will be used in the following tflustrattons. 

The feed rate for the monomer is such that an 
amount of monomer equal to the weight of the total 
original seed particles is combined with the suspen- 
ston of polymer partides over a period of from about 

25 45 to about 120 minutes, and more preferably from 
about 60 to about 90 minutes, until the seed particles 
have grown to the selected size. That is, the feed rate 
is maintained within this range, and the length of time 
for the addition is selected so that the desired particle 

30 growth occurs. 

For example, if a feed rate is selected such that 
an amount of monomer equal to the weight of the total 
original seed partides Is combined with the suspen- 
sk>n of polymer partides over a period of 60 minutes, 

35 and a particle volume increase of 5 times Is desired, 
the monomer is fed to the suspensksn over a 5-hour 
pertod. Essentially all of the monomer is polymerized 
into the existing partides, and as no significant 
change in partide density occurs, the volume of each 

40 partide increases 5-foId. 

More preferably the monomer or mixture of mono- 
mers may be added to the suspension of seed 
polymer partides at a controlled rate such that the free 
monomer in the reaction mbdure does not exceed 

45 about 10%, by weight, of the Instantaneous polymer- 
partide weight. The Instantaneous polymer-particle 
weight is the total polymerized weight of the partides 
at any time during the reaction, and indudes the 
polymer mass added to the original seed partides 

so during the polymerization of the present process. The 
free monomer that monomer that has been com- 
bined with the polymer partides but has not yet reao- 
ted at a g wen time during the process. If the levels of 
free monomer exceed about 10%. the polymer parti- 

55 des may coagulate, which will undesirably increase 
the partide see and size distribution. Levels of free 
monomer atx^ve 10% may also lead to formation of an 
additional population of emulsion-sized particles, 
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which will again contribute to an undesirably broad 
particfe-size distribution. 

A particulariy advantageous feature of the pre- 
sent invention is that it eliminates the need to swell the 
seed polymer prior to addition of the monomer solu- 
tion. No lengthy soaking in an organic solvent is 
required; the gradual addition of the monomer-initiator 
solution may, for example* be begun immediately 
after charging an aqueous suspension of the seed 
partides to a reaction vessel. 

The following Examples are presented to Olus- 
trate preferred eml)odiments of the present invention. 
Ail percentages and proportions are by weight unless 
othenvlse specified, and ail reagents are of good com- 
mercial quality unless otherwise specified. 

Example 1 

This Example fflustrates the growth of a polys- 
tyrene seed latex having a particle size 3.3 ^m into 
uniformly sized polymer particles of 5-jim diameter 
vrtth a styrene-3.8% divinylbenzene monomer nrUxture 
using the procedure of the present Invention. 

To a 5-liter, round-bottomed kettle equipped with 
a condenser, agitator, heating source. Inert-gas Inlet, 
temperature sensor and pumpdrlven feed lines was 
charged 1860 g deionized water and 20 g of a 30% 
aqueous solution of sulfated polyethoxynonylphenol, 
anrvnonium salt as a surfactant The mixture was 
heated under nitrogen to 8S«C with agitation. 678 g of 
a polystyrene seed latex having a partide size of 3.3 
Jim and a solids content of 35.4% was rinsed into the 
ketae with 100 g additional deionized water, and the 
mixture was re-heated to 85°C. A ownomer emulsion 
of 320 g deionized water, 12 g of a 30% aqueous sol- 
ution of sulfated polyethoxynonylphenol, amnK)nium 
salt as a surfactant. 893.5 g styrene, 66.5 g commer- 
cial divinylbenzene (55% purity, the balance being 
largely ethyivinylbenzene) and 9.6 g benzoyl peroxide 
initiator was prepared and fed into the kettJe at a con- 
stant rate such that the entire emulsion was transfer- 
red to the kettle in 4 hours, a chaser of 1 g benzoyl 
peroxide initiator dissolved In 5 g styrene being added 
to the emulsion container after 3.5 hours. The emul- 
sk>n container was then rinsed into the ketlie with 100 
g addittonal detonized water. At the end of the 4-hour 
emulsion feed, the kettle contents were held at 85*»C 
for one hour, then cooled and filtered through a 45-|xm 
sieve. The solids content of the resulting polymer sus- 
pension was 29.4%. The size of the partides was 
determined by optical microscopy to be 5.6 \un (94% 
of the partides), with approximately 6% of the parti- 
des significantly exceeding this size because of the 
coalescence of two or three partides. 

Example 2 



growth of an uncrossllnked polystyrene seed latex 
from a partide size of 4.9 fim to 8.4fim using the pro- 
cedure of the present invention. 

Following the procedure of Example 1, 419 g 

5 deionized water and 6.4 g of a 30% aqueous solution 
of sulfated polyethoxynonylphenol, ammonium salt, 
surfactant was charged to the kettie. The kettle con- 
tents were heated to 85^C. and 206.9 g of a polys- 
tyrene seed latex having a partide size of 4.9 ^m and 

10 a solids content of 28% was rinsed into the kettie with 
30 g of deionized water. A monomer emulsion of 80 
g deionized water, 1.6 g of the above surfactant sol- 
ution, 240 g styrene and 2A g benzoyl peroxide was 
prepared and fed into the kettle at a constant rate over 

IS a period of 4 hours. The emulsion container was then 
rinsed Into the kettle with 30 g of additional deionized 
water. The mixture was held at 8S*'C for one hour, 
cooled and filtered. The resulting latex had a solids 
content of 28.9% and a partide size of 8.4 ^m, with 

20 approximately 4% of the partides significantly 
exceeding this size because of the coalescence of 
two or three partides. 
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Example 3 



This Example is intended to illustrate the growth 
of a lightly crosslinked (0.1% divinylbenzene) seed 
from a partide size of 8.4 \im to 14.2 ^m with a sty- 
rene-0.1% divinylbenzene monomer mixture using 
30 the procedure of the present Invention. 

Using the procedure of Example 1 above, a kettle 
charge of 530 g deionized water, 94 g of a 10% 
aqueous solution of ammonium octylphenoxyethox- 
yethyl phosphate surfactant. 1 3.5 g of a 70% aqueous 
3S solution of octylphenoxypolyethoxyelhanol nonionic 
surfactant, and 58.7 g of a 2% aqueous solution of 
methylhydroxypropyl cellulose was prepared. To this 
mbcture was added 312.5 g of a 99.9 styrene/0.1 divi- 
nylbenzene seed latex having a partide size of 8.4 ^m 
40 and a solids content of 25.6%, with a 30-g deionized 
water rinse. The mixture was heated to SS^'C with agi- 
tation under a nitrogen atmosphere, and a monomer 
emulsion of 152.8 g deionized water. 3.1 g of the 
above nonionic surfactant, 21.6 g of the above phos- 
45 phate surfactant. 14 g of 2% aqueous solution of 
methylhydroxypropyl cellulose. 319.4 g styrene, 0.6 g 
divinylbenzene and 3.2 g benzoyl peroxide was fed to 
the kettle at a constant rate over 4 hours. The mono- 
mer emulsion container was rinsed into the kettle with 
60 30 g of deionized water and the batch was held at 
85*C for one hour, cooled and filtered. The resulting 
latex had a solkis content of 26.7% and a partide size 
of 14.2 Jim, with approximately 8% of the partides slg- 
nificantiy exceeding this size because of the coaleso- 
65 ence of two or three partides. 



The following Example is Intended to illustrate the 
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Example 4 

This Example Is intended to Illustrate growth of a 
butyl methacryfate seed latex from a particle size of 
1 .7 \im to 2.9 |im with methyl methacrylate monomer 5 
using the procedure of the present Invention. 

Using the procedure of Example 1 above, the ket- 
tle was charged with 403.6 g deionized water, and 
222.2 g of a poiy(butyl methacrylate) seed latex hav- 
ing a particle size of 1.7 ^m and a solids content of io 
27% was added to the kettle with a rinse of 30 g 
deionized water. The mixture was heated to 85^C with 
agitation under a nitrogen atmosphere, and a mono- 
mer emulsion of 80 g deionized water, 1 .6 g of a 30% 
aqueous solution of ammonium sulfated is 
polyethoxynonylphenol surfactant, 240 g methyl 
methacrylate and 2.4 g benzoyl peroxide was added 
at a constant rate over a period of 6 hours, then rinsed 
into the kettle with 30 g deionized water. The mixture 
was held at 85*C for 45 minutes, then cooled and fil- 20 
tered. The resulting latex had a solids content of 
29.2% and a particle size of 2.9 ^m, with about 3% of 
the particles significantly exceeding this size because 
of the coalescence of two or three particles. 

25 

Example 5 

This Example Is Intended to illustrate the growth 
of a mixed butyl methacrylate-styrene seed latex from 
a particle size of 3.4 \im to 6.4 \im with mixed butyl 30 
methacrylate and styrene monomers using the pro- 
cedure of the present invention. 

Using the procedure of Example 1 above, the ket- 
tle was charged with 412 g deionized water, 1 g 
aqueous ammonia and 4.2 g of 0.1 5% aqueous mag- 35 
nesium p-nltrosophenoxide retarder. To this mixture 
was added 208.3 g of a 65 butyl methacryl ate/35 
styrene seed latex having a particle size of 3.4 ^m and 
a solids content of 26.8%, with a rinse of 30 g 
deionized water. The mixture was heated to 85°C with 40 
agitation under a nitrogen atmosphere, and a mono- 
mer emulsion of 80 g deionized water , 2.4 g of a 30% 
aqueous soIutk)n of sulfated polyethoxynonylphenol, 
ammonium salt surfactant 156 g butyl methacrylate, 
84 g styrene and 2.4 g f-butyf peroctoate initiator was 4S 
added at a constant rate over a period of 4.5 hours, 
then rinsed into the kettle with 30 g deionized water. 
The mbcture was held at SS'^C for one hour, then 
cooled and filtered. The resulting latex had a solids 
content of 28.6% and a particle size of 5.4 ^m. so 

Example 6 

This Example is intended to illustrate the growth 
of a more highly crosslinked (10% divinylbenzene) 55 
seed from a particle size of 3.3 ^m to 4.6 \im with a 
etyrene-10% divinylbenzene monomer mixture using 
the procedure of the present invention. 



Using the procedure of Example 1 above, the ket- 
tle was charged with 442 g deionized water and 12.8 
g of a 30% aqueous solution of sulfated 
polyethoxynonylphenol, ammonium salt, surfactant. 
To this mixture was added 172.4 g of a polystyrene 
seed latex having a particle size of 3.3 ^m and a solids 
content of 34.8%, with a rinse of 30 g deionized water. 
The mbcture was heated to 85''C with agitation under 
a nitrogen atmosphere, and a monomer emulsion of 
80 g deionized water. 3.2 g of the above surfactant. 
1 96.4 g styrene, 43.6 g divinylbenzene and 2.4 g ben- 
zoyl peroxide initiator was added at a constant rate 
over a period of 5 hours, then rinsed Into the kettle 
with 30 g deionized water. The mbcture was held at 
85**C for two hours, then cooled to 55*C, and a chaser 
of 2.4 g of a 0. 1 5% aqueous solution of ferrous sulfate. 
0.19 g sodium sulfoxylate fomnaldehyde in 10 g water 
and 0-41 g of a 70% aqueous solution of t-butyl hyd- 
roperoxide was added. The mixture was then held at 
55**C for 30 minutes, cooled and filtered. The resulting 
latex had a solids content of 30.9% and a particle size 
of 4.7 ^m with about 0.5% of the particles significantly 
exceeding this size because of the coalescence of 
two or three particles. 

Example 7 

This Example Is intended to illustrate growth of a 
lightly crosslinked seed from a particle sbie of 5.3 p.m 
to a macroporous bead of 8.9 jxm using divinylben- 
zene monomer in the presence of a porogen. 

A 3-liter, 4-neck. round-bottom reactton flask was 
blanketed with nitrogen gas and charged with 4.4 g 
cartx)xymethyl methyl cellulose (molecular weight 
approximately 2000) and 1000 g deionized water. The 
reactton-flask contents were swept with nitrogen con- 
tinuously, and heated to 60*'C, 

To 60 g of a separately prepared, surfactant sol- 
ution containing 660 g deionized water. 55 g of an 
80% aqueous solution of alkyiaryl polyether phos- 
phate ester in the acid form (sold as Triton QS-44 sur- 
factant} and 15.82 g aqueous 50% sodium hydroxide 
solution was added 15 g of seed particles prepared 
according to Example 1 and having a divinylbenzene 
content of 0.1% and a mean particle diameter of 5.3 
nm. This mixture was mixed thoroughly and added to 
the contents of the reaction flask along with a rinse of 
400 g deionized water. 

To the remaining, separately prepared, stjrfao- 
tant solution was added a solution of 2.25 g aqueous 
0.4% magnesium p-nitrosophenolate solutton and 
0.18 g aqueous 50%NaOH solution. An organic solu- 
tion was separately prepared by mixing 31.5 g purified 
divinylbenzene (containing 80% divinylbenzene and 
20% other monomers, primarily ethylvlnylbenzene), 
73.5 g toluene and 0.0315 g f-butyl peroctoate and 
sparging the mixture for 30 minutes with nitrogen gas. 
A 10-g portion of the organrc solution was mixed with 
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0.1 575 g ^-buty! peroctoate, and 65 g of the surfactant 
solution was stirred vigorously into the mixture and 
emulsified by vigorous blending. 

The remaining surfactant solution was mixed with 
the remaining organic solution, and the mixture was s 
emulsified by vigorous blending. This emulsion was 
introduced below the surface of the liquid in the reac- 
tion flask over a period of 4 hours. The contents of the 
reaction flask were stirred slowly thrciughout this and 
following steps until they were cooled. At the end of lo 
the addition, the above emulsion of 10 g organic sol- 
ution and 6S g surfactant solution was added to the 
reactton flask, with stinrlng. over a period of 15 
minutes. The temperature of the reaction-flask con- 
tents was maintained at approximately 60"C through- is 
out the entire addition and for two hours longer, after 
which it was increased to 72*C and held at that tem- 
perature for approximately 16 hours. The mixture was 
then heated to QS'C. held at that temperature for one 
hour, cooled to ambient temperature, filtered and 20 
washed repeatedly with methanol, the methanol 
being removed by vacuum. 

The resulting copolymer particles were observed 
to be porous upon photomicrographic examination, 
and they had a moan diameter of 8.9 ^m. 25 

Example 8 



This Example Is Intended to illustrate growth of a 
lightiy crosslinked seed from a particle size of 5.3 urn 30 
lo a macroporous bead of 8.4 jim using divinylben- 
zene monomer in the presence of a different porogen. 

The procedure and seed beads of Example 7 
were used. The deionlzed water charged to the reac- 
tion flask was 1400 g, and In place of the toluene In 3S 
the organic solution was 46.5 g o-xylene. The result- 
ing beads were found to be porous upon photomic- 
rographic examination, and had a diameter of 8.4 \im. 

Example 9 

This Example is intended to illustrate growth of an 
uncrosslinked seed from a particle size of 5.3 nm to 
a macroporous bead of 8.7 nm using divlnyibenzene 
monomer in the presence of yet another porogen. 4S 

The procedure of Example 7 was used, except 
that the temperature was n^lntalned at 70*»C through- 
out the entire monomer addition. The seed used was 
an uncrosslinked polystyrene homopolymer with a 
particle diameter of 5.3 ^m. The initial charge to the so 
reaction flask was 450 g deionized water and 0.71 g 
carboxymethyl methyl cellulose. 

The surfactant solution was 200 g deionlzed 
water, 1 6.3 g of the 80% aqueous solution of alkylaryl 
polyether phosphate ester, add fonm, and 4.7 g 55 
aqueous 50% sodium hydroxide solution; this solution 
was divided in the same weight proportions as in 
Example 7. The seed charge was 33.3 g of a 30% 
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aqueous suspension of the seed particles. To \Yie 
remaining portton of the surfactant solution was 
added 2.0 g of the aqueous 0.4% magnesium p-nlt- 
rosophenolate solution and 0.2 g aqueous 50% 
sodium hydroxide solution. The organic solution was 
25 g purified divinylbenzene (80% divlnyibenzene), 
30,0 g methyl Isobutyl carbino! and 0.16 g <-butyl 
peroctoate. 

At the end of the monomer feed, the temperature 
was held at 70*'C for one hour, then heated to 76**C 
and held there for 1 6 hours, and finally heated to 85**C 
and held there for two hours. The finished polymer 
beads, Isolated as described in Example 7. were 
observed to be porous upon photomicrographic 
examinatfon, and had a diameter of 8.7>im. 



Claims 

1. A process for making unifomily sized polymer 
particles having a selected final particle size 
within the range of 1 to 50 ^m, which comprises 
the steps of 

a) combining a free-radical-polymerizable, 
water-insoluble monomer or mixture of such 
monomers with an aqueous disperston of 
seed polymer particles, at a rate such that an 
amount of monomer or mixture of monomers 
equal to the total initial weight of the seed 
polymer particles ts combined with the disper- 
sion over a period of from about 45 to about 
120 minutes, in the presence of a dispersion 
stabilizer and an oil-soluble, free-radical 
polymerization initiator at a temperature at 
least as high as that at which the InlUator is 
activated, until sufficient monomer or mfarture 
of monomers has been combined to grow the 
particles to a selected size, and 

b) maintaining the temperature of the com- 
bined monomer and particles at least as high 
as that at which the initiator is activated until 
all the monomer is polymerized. 

diese steps, optionally, being repeated until 
the selected size is equal to the selected final 
particle size. 

2. A prtjcess as claimed in Claim 1 , wherein the rate 
at which the monomer or mixture of monomers 
and the disperston are combined is such that the 
amount of monomer or mixture of monomers 
equal to the total initial weight of the seed polymer 
particles is combined with the disperston over a 
period of from about 60 to about 90 minutes. 

3. A piDcess as claimed In Claim 1 or Claim 2, whe- 
rein the rate of addition of the monomer or mixture 
of monomers is such that the free monomer or 
mixture of monomers present does not exceed 
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about 10%. by weight, of the instantaneous 
polymerpart'cle weight 

4., A process as dalmed In any preceding Claim, 
wherein the selected slze.obtalned from step a) is 6 
from about 1.1 to about 10 times . for example 
from about 1.5 to about 7 times, and preferably 
about 2 to at>out 5 times, the initial volume of the 
seed polymer particle. 

10 

5. A process as claimed In any preceding claim, 
wherein the seed polymer particles are emulsion- 
polymerized particles having an initial diameter of 
from about 0.01 to about 2 ^m. for example from 
about 0.05 to about 0.5 ^m. is 



6. A process as claimed in any preceding claim, 
wherein the seed polymer particles are particles 
produced by applying steps a) and b) to emulsion- 
polymerized partldos one or more times. 20 

7. A process as claimed in any preceding daim, 
wherein the stabilizing agent is selected from 
anionic surfactants and nonionic surfactants. 

25 

8. A process as dalmed in Claim 7. wherein the 
stabilizing agent additionally includes a water- 
soluble polymer. 

9. A process as daimed in any preceding claim, 30 
wherein the initiator has a one-hour half-life tenv 
perature of from about 60° to about 100°C. 

10. A process as dalmed in any preceding daim, 
wherein the initiator is a peroxide initiator, e.g. 35 
benzoyl peroxide, or an azo initiator. 

11- A process as daimed In any preceding daim, 
wherein the monomer or mixture of monomers is 
one or more vinylaromatic monomers, and, 40 
optionally, indudes a crossllnking monomer. 

12. A process as claimed in Claim 11, wherein the 
monomer is serene. 

45 

13. A process as dalmed In any preceding daim, 
wherein the monomer or mbcture of monomers is 
combined v^th the polymer parb'des In the pre- 
sence of a porogen. 

50 

14. A process as claimed in Claim 13. wherein the 
porogen is present in an amount of up to 50%, the 
percentage being based on the weight of mono- 
mer(s} plus porogen. 

55 

15. The process as daimed in Claim 13 or Claim 14. 
wherein the porogen is toluene, xylene, or methyl 
tsobutyl carbinot. 
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